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摘  要 
I 








比没有掺杂 CNTs 的 Au/Al2O3 基底催化剂的活性提高了 71%，比直接使用 CNTs
作载体的 Au/CNTs 催化剂提高了 236%。利用气相色谱检测分解后的气体产物，
发现其中 CO 的体积分数小于 10-4，保证了分解得到的氢气的清洁与干净。 
联合谱学表征结果表明，碳纳米管的加入不仅增大了载体的比表面，高度分
散催化剂表面 Au 颗粒粒径在 2 nm 左右，而且提高了催化剂表面活性物种 Au0
的比例。同时，碳纳米管的高吸氢、储氢能力，也有助于活性位上甲酸分子解离
下来的 H 物种向碳管溢流、扩散，从而促进了甲酸脱氢的活性。  
2)碱金属促进甲酸分解脱氢的高效 Au/SiO2 催化剂 
利用碱金属(M)作为促进剂，研发出一种碱金属掺杂的高效新型 M-Au/SiO2
催化剂，经优化后的催化剂在没有甲酸钠的存在下，363 K时催化甲酸分解的TOF




高达 4500 h-1以上。实验中在各温度下考察了 M-Au/SiO2对甲酸分解的催化活性，
反应活化能为 94.6 kJ/mol，与 Au/SiO2 的活化能相差不大，认为碱金属的加入并
没有改变反应的历程。 
联合谱学表征结果表明实验中制备的 M-Au/SiO2 催化剂中 Au 粒子较小，且
















摘  要 
II 
碱金属离子是促进甲酸分解进行的关键。 
















Application of nanoscale Au materials in catalysis attracted extensive research 
and attention of numerous scholars, and currently became a popular research topic in 
the field of catalysis. Here, we researched the activities of Au catalysts using formic 
acid decomposition as the model reaction. This paper was divided into two parts for 
diferent supports: 
1) Highly efficient hydrogen production by decomposition of formic acid using 
Au/Al2O3 promoted by Carbon Nanotubes 
A type of highly efficient Au/Al2O3 catalyst doped with CNTs for decomposition 
of formic acid was developed, and displayed high activity. Over the Au/CNTs-Al2O3 
catalyst under the reaction conditions of 363 K, 5 mL reaction liquid (n(formic 
acid):n(sodium formate) = 7:3), the turn-over frequency (TOF) of formic acid 
decomposition reached 365 h
-1
, which is increased by 71% than the Au/Al2O3 catalyst 
without CNTs and 236% than the Au/CNTs. We detected the production gas 
decomposition from formic acid by the GC-9160 chromatographic, and the result 
declared the CO volume fraction was less than 10
-4
, which ensured the decomposed 
hydrogen clean and safty.  
The results of the catalyst characterization demonstrated that the addition of 
carbon nanotubes not only increased the surface of supports, which highly dispersed 
Au particles nearly to 2 nm, but also enhanced the proportion of active species Au
0
 at 
the catalyst surface. Meanwhile, carbon nanotubes with high hydrogen absorption and 
hydrogen storage capacity would be conducive to scattering hydrogen-species 
produced from dehydrogenation of formic acid molecular at the active Au sites and 
transferring them to the CNTs, followed by the diffusion, thus favorable to promoting 
the formic acid dehydrogen activity.  
2) Improved hydrogen production from formic acid on a Au/SiO2 catalyst doped 















A highly efficient M-Au/SiO2 catalyst doped by alkali metal was developed, and 
displayed high activity. Over the M-Au/SiO2 catalyst under the reaction conditions of 
363, the turn-over frequency of formic acid decomposition reached 784 h
-1
 without 
sodium formate, which was 4.45 times than the Au/SiO2 catalyst without alkali metal. 
The catalyst still showed high activity after 10 cycles. In the presence of sodium 
formate, the TOF of M-Au/SiO2 was more than 4500 h
-1
. We researched the 
M-Au/SiO2 catalytic activity of formic acid decomposition at different temperatures. 
And the reaction activation energy under M-Au/SiO2 was 94.6 kJ/mol, which was 
similar to the Au/SiO2. We considered that the addition of alkali metal did not change 
the reaction process.  
The results of the catalyst characterization demonstrated that the Au particle at 
M-Au/SiO2 catalysts was small. The addition of alkali metal suppressesed the Au 
nanoparticles in the reaction process effectively. In addition, the proportion of Au
0
 
species at the catalyst surface was enhanced by adding alkali metal. However, the 
presence of several Au
δ+
 at the M-Au/SiO2 catalyst surface is quite necessary for the 
decomposition reaction. Alkali metal will gradually enter into the reaction solution 
from the surface of the catalysts, and existed in the form of alkali metal ionic. Alkali 
metal ionic in the solution is the key to promoting formic avid decomposition activity. 
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以促进氢能源的广泛应用。欧盟计划 2003 到 2006 年之间投资约 0.21 万亿美元
用于可再生能源的发展，其中大部分的技术与氢能源相关。同时，欧盟还宣布进
行氢源基础设施建设。与此相比，欧盟在 1999 年到 2002 年之间总共只为相关项
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CO。对于质子交换膜燃料电池(PEMFC)，若是氢气中所含的 CO 超过 100 ppm
就会在电极上发生不可逆的吸附，从而毒化电极催化剂，降低其使用性能。因而，
这种方法不适合给 PEMFC 提供氢源。 
CH3OH(l) → 2H2 (g) + CO(g)           ΔH
0
 = 128 kJ/mol (1) 
如方程(2)中所示，第二种甲醇重整方法是将甲醇部分氧化。该过程是对外
提供热量的放热反应，其副产物主要为 CO2，这就降低了反应后所 CO 的含量。
在以氧气作氧化剂时，所产生的氢气浓度可达 66%。但以空气为氧化剂时，所产
生的氢气浓度仅仅为 41%。 
CH3OH(l) + 1/2O2 (g) → 2H2 (g) + CO2 (g)   ΔH
0





CH3OH(l) + H2O(l) → 3H2 (g) + CO2 (g)      ΔH
0
 = 131 kJ/mol (3) 
目前已经商业化的甲醇重整制氢催化剂中大多是铜基催化剂。然而由于 Cu
基催化剂普遍对 CO2 的选择性不很高，这就导致在催化重整过程中，不可避免
的在合成气中仍存在相当量的 CO。LindstrÊm 等[9]通过在铜基催化剂中引入 Cr、
Zn 或 Zr 等其他金属物种，形成两元或三元合金后，可以有效地提高催化剂对该
反应中 CO2 的选择性，降低 CO 含量。其中，加入少量 Zr 后的铜基合金催化剂
对 CO2 的选择性甚至高达 93%。 
1.1.2 生物质制氢 
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